= heat capacity at constant pressure (J.mol thermal, mechanical and chemical reasons (Bouchez and Beyer, 2009 ). In addition, when using 10 the fuel as a coolant, the so-called regenerative technique, a pyrolysis is generally encountered 11 for fluid temperature over 800 K (Gascoin, 2010 ). This generates endothermic reactions which 12 contribute to the heat flux absorption. The formation of a thin film inside the combustion 13 chamber, the so-called film cooling technique, is another parameter participating in the structure Thanks to this preceding work, the authors now aim at comparing the numerical results to the 22 experimental ones on dodecane pyrolysis cases in order to determine the model sensitivity and The Navier-Stokes equations (Eq. 1 to Eq. 3) are modified taking into account the porosity effect 9 of the sample, the consequent pressure drop through the medium and the effective thermal 13
The pressure-based solver guaranties a faster and stable convergence. The boundary 18 conditions correspond to constant: inlet mass flow rate, pressure outlet and wall temperature. The for computation cost reason with limited loss of accuracy. Two primary reactions ("1" and "2" in 7   Table 1 ) allow the cracking of dodecane producing ethylene (C 2 H 4 ) and two radicals but-1-yl 8 (pC 4 H 9 ) and n-propyl (nC 3 H 7 ). These two reactions controlling the pyrolysis process correspond 9 to a high activation energy (≈ 3.68·10 accelerates the pyrolysis rate via propagation reactions for reactions "6" → "10" and "13" → 15 "17". The ramification is indirect via dissociation of light species as hydrogen H 2 (reaction "11") 16 and ethane C 2 H 6 (reaction "20"). The reactions involving directly the interaction between the n-17 dodecane and the radicals H and CH 3 include both H-abstraction and β-scission of n-C12-alkyl- The major compound found in the reduced mechanism is ethylene ( Figure 2c ). Looking at the 12 dynamics of the pyrolysis (Figure 2d ), the original mechanism presents a shift on the log-time 13 scale compared to the reference mechanism. The reduced mechanism presents a mean behaviour 14 around the reference one. As a consequence, in order to perform first kinetic computations within 15 2-D geometry, the reduced mechanism is used but one should pay attention to the limited 16 accuracy in terms of products formation. This mechanism has been optimised for representing 17 the dodecane consumption and it cannot accurately represent the formation of radicals, of light 18 species like hydrogen and of middle-weight species like hexene. This reduced mechanism is a 19 compromise which should be later improved by increasing the number of species and of 20 reactions and, as a consequence, the computation cost. Table 1 should be placed here. A permeation test cell contains the porous sample ( Figure 3 ). This cell is inserted inside the 13 furnace of the COMPARER bench and it is connected to the fluid supply system and to the 14 appropriate sensors. The permeable medium bounds the cell in two high and low pressure 15 chambers (upstream and downstream to the porous medium respectively). These chambers are 16 noted HPC and LPC in this paper. An inlet pipe provides the fuel into the system. This cell is 17 connected to a dynamic sampling system to get hot pressurized samples at three location points 18 in the cell. These samples are later cooled and chemically quantified by the GC/MS-FID-TCD. 19 This allows having the longitudinal pyrolysis profile of the fuel under given operating 20 conditions. The FTIR analysis provides real-time quantification at the process outlet on the gas 21 products only after having cooled and expanded the pyrolysis mixture at ambient conditions. due to stability problems. The setup furnace temperature was 15 900 K and the temperature experimentally measured at the outside wall of the cell was 890 K. 16 The fluid temperature measured inside the test cell (in the high pressure chamber) was 820 K. 17 Longitudinal thermal gradients measured experimentally were lower than 10 K roughly between (Table 1) to the heat transfers but the mass flow rate also plays a role which will be investigated in section 18 C. 19 The dodecane mass fraction at the cell outlet of case 2 (x = 13 mm just before the outlet pipe) 20 is found between 10 wt.% and 25 wt.%, which is lower than the experimental value. For the case 21 1, the extreme values are 15 wt.% and 85 wt.%. This includes the experimental value of 52 wt.%. becomes a critical parameter and adopting a detailed scheme is preferable.
7 Table 2 should be placed here. (Figure 9c ). Nevertheless, due to the uncertainties presented above, 17 there are too much parameters acting on the system to be certain that the numerical simulation is 18 validated. This is particularly due to the kinetic scheme. The hexene content is overpredicted by 19 the computations because the secondary mechanism of this species is not considered and it 20 cannot be consumed. This explains the low quantities which are found for the light species such 21 as ethane or methane. In addition, additional sources of discrepancies can be mentioned; with the wt. % for the 2-steps scheme). The lower reactivity of the simplified mechanism is due to the 10 radicals, such as methyl and monatomic hydrogen, which are not in the two-steps mechanism 11 while they increase the reaction rate.
12
C. Use of the numerical simulation to investigate the reactive porous flow 13 Considering the third case (Table 2) , the conversion rate of dodecane reaches 94 wt. % at the 14 cell outlet (Figure 10a) . A maximum thermal decrease of about 300 K is found (Figure 10b) . 15 This temperature fall is directly related to the enthalpy of reaction (Figure 10c This is satisfactory when conducting pyrolysis in porous flow. (Figure 12c ) than for cases 3 and 4 (Figure 11) . Nevertheless, the residence time is about 4 three times higher in case 1 than in other cases. This demonstrates that the temperature impacts 5 the chemistry and the density, so the residence time, but its importance is much higher. A 6 temperature decrease increases the density and decreases the velocity through the mass 7 conservation. Thus, the residence time is higher but this is not balanced by an increased 8 convective heat flux. This spate of events is important to analyse the results and this cannot be 9 done experimentally, which shows the good complementarity of both tools. Figure 13b ). The Figure 13b shows that after 1 mm of porous flow, the wall impacts the flow on 21 a distance of 1.5 mm. As a consequence, the radius of the permeable sample should not be lower 22 than 1.5 mm. It should even be much more in order to limit its effect. The thicker the porous 23 hal-00868587, version 1 -2 Oct 2013 16/40 material in the present permeation test cell, the bigger should be the diameter in order to limit 1 this border effect. This result is of major importance to design the experiments and to analyse the 2 data. This is related to both dynamic and thermal boundary layers.
3 Figure 13 should be placed here. 4 Focusing on the porous zone, Figure 14 shows the profiles of pressure, of density, of 5 temperature and of the axial velocity along the y-coordinate at the inlet and at the outlet surface 6 of the porous medium. The pressure drop, due to the permeable sample, is 6800 Pa and it shows 7 a uniform distribution on both sides of the porous zone. Although the pressure does not change 8 in the crosswise direction (Figure 14a ), the density decreases moving from the axis of symmetry 9 toward the walls and from the upstream side to the downstream one (Figure 14b ). This is directly 10 due to the heat transfers ( Figure 14c ) and it acts on the fluid velocity (Figure 14d ).
11
The spatial thermal gradient at the porous medium inlet presents a parabolic shape ( Figure   12 14c) while it tends to be linear at the outlet. This could be due to the software assumptions e t h a n e E t h y l e n e E t h a n e H e x e n e D o d e c a n e e t h a n e E t h y l e n e E t h a n e H e x e n e D o d e c a n e e t h a n e E t h y l e n e E t h a n e H e x e n e D o d e c a n e [10] NC12H26+H => C6H12+C2H4+pC4H9+H2 LOW / 1.7700E+50 -9.670 6220.00/
[11] 2H+M<=>H2+M TROE/ 0.5325 151.0 1038.0 4970.0 / H2/ 0.00/ H2/ 2.00/ CH4/ 2.00/ C2H6/ 3.00/ Species: n-dodecane, hex-1-ene, pent-1-ene, but-1-ene, propylene, ethane, ethylene, methane, tripet-methylene Radicals: but-1-yl, n-propyl, ethyl, methyl, monoatomic hydrogen
